Objective: The objective of this study was to investigate the effects of acupuncture on diabetic bladder dysfunction (DBD). Methods: This study compared 30 cases in the acupuncture group with 15 cases in the sham acupuncture group (n ¼ 45 total). The effects of acupuncture were observed on urodynamic measurements, as well as a variety of symptoms associated with DBD. Results: In the acupuncture group, five of the six urodynamic measures (maximal detrusor pressure, bladder compliance, maximal bladder capacity, bladder volume at desire to void and urge to void) demonstrated significant improvement ( p < 0.05, 0.01) over the 15-day treatment period. Only one measure (bladder volume at urge to void) significantly improved ( p < 0.05) in the sham acupuncture group. There were significant differences after therapy in four measures (bladder compliance, maximal bladder capacity, bladder volume at desire to void, and urge to void) between the groups ( p < 0.05, 0.01). A significant difference of the changes in symptoms compared with pretreatment in the acupuncture group was observed ( p < 0.05, 0.01). In 25 subjects in the acupuncture group, incontinence improved from 2.4 to 1.4. In the sham acupuncture group, incontinence deteriorated from 2.2 to 2.3. Conclusions: Our pilot study has provided evidence that acupuncture may be clinically useful for the radical treatment of DBD.
Introduction
T he urinary bladder is a reservoir for urine between episodes of micturition. Resistance at the bladder neck and urethral sphincter allows urine to be retained in the bladder until voiding occurs. The pressure within the bladder normally remains low during filling, even when intravesical volume is high. With normal voiding, the bladder contracts and the pressures at the bladder neck and urethral sphincter fall so urine can be freely expelled.
Diabetes mellitus (DM) is a metabolic disorder that is characterized by defects in insulin secretion and=or insulin action, resulting in hyperglycemia. The prevalence of DM in the United States rose from 4.9% in 1990 to 7.3% in 2000, an increase of 49%.
1 DM seriously affects multiple organ systems, including the urinary bladder. It has been reported that 52% of randomly evaluated patients with diabetes had urological symptoms, and even many patients with hyperglycemia who reported no complications had unrecognized urological symptoms. Urological symptoms have been identified in more than half of randomly evaluated patients with diabetes. 2 DM causes marked and yet poorly defined changes in the morphometry and function of the bladder. Diabetic bladder dysfunction (DBD) is among the most common and costly consequences of DM. [2] [3] [4] Despite the prevalence of DBD, the disease-specific role of DM is separated from its diuretic effect, and the precise natural history of DBD explaining all of its reported variations is far from clear. [5] [6] [7] The traditional theory postulated that DBD is attributed to DM-induced autonomic neuropathy. 8, 9 Autonomic neuropathy affecting the bladder may be present by urodynamic criteria in up to 40% of patients with long-standing DM. 10 Patients with DM and voiding dysfunction show a variety of urodynamic abnormalities, including detrusor overactivity and impaired detrusor contractility. 11, 12 The classic symptoms of DBD are decreased bladder sensation, and impaired bladder emptying with resultant elevated postvoid residual urine. 13 In addition to these functional impairments, DM also induced alterations in bladder mass, tissue composition, and compliance. [14] [15] [16] Symptoms may be few in the early stages, although recurrent and=or persistent urinary tract infections are an important consequence of incomplete bladder emptying. Although DBD is not life threatening, it affects the quality of life significantly. It has been reported that the impact of DBD symptoms on quality of life may equal or exceed the impact of acquired immunodeficiency syndrome. 17 Common treatments for DBD include conservative management (e.g., pelvic muscle training or bladder training), medications, and surgery. 18 Clinical outcomes of these treatments for DBD have not been critically examined. Large randomized controlled trials are needed to assess the efficacy and safety of these treatments. 19 Thus, conservative management was the first line of treatment in this population. In patients in whom conservative treatment fails, surgery, such as bladder augmentation, is unavoidable. We seek alternatives to close this gap between conservative and surgical treatment.
Acupuncture, one of the oldest and most commonly used forms of alternative medicine, has existed for >2500 years. Acupuncture is a meridian-based therapy. In traditional acupuncture, needles are inserted into precisely defined, specific points on the body, each of which has distinct therapeutic actions. 20 According to Traditional Chinese Medicine (TCM), when an acupoint is stimulated, treatment effects tend to occur on the specific parts of the body along a particular meridian that contains this specific acupoint. Investigators have demonstrated that the nervous system and neurotransmitters respond to needling stimulation and electroacupuncture. [21] [22] [23] As a safe form of treatment, 24, 25 acupuncture offers clear clinical advantages in the reduction of symptoms related to nervous disorders. Honjo and Kitakoji 26 observed that needle stimulation of acupuncture point BL 33 significantly improved urinary incontinence. Unfortunately, to date, no randomized trials on acupuncture have specifically targeted DBD. We carried out a prospective, randomized controlled trial to investigate whether acupuncture is useful for DBD.
Methods

Study site and participants
The study was conducted at the First Affiliated Hospital to Changchun University of Chinese Medicine between June 2007 and December 2008. DBD Patients aged 35-52 years were invited to participate.
Study protocol
The study protocol was approved by the First Affiliated Hospital to Changchun University of Chinese Medicine. Protocol summaries were reviewed by the participants, and written, informed consent was obtained on the day of the study after a detailed explanation of the study purpose and methods. Forty-five (45) DBD patients of either sex, whose bladder pressure was intolerably high despite the use of anticholinergic drugs and=or clean intermittent catheterization (CIC), were included. The diagnosis of DBD was based on symptoms and a urodynamic diagnosis: decreased bladder sensation and decreased bladder compliance, and impaired bladder emptying with resultant elevated postvoid residual urine. 13 After the baseline period, 45 participants were randomized (according to random number table) into one of two experimental groups in a 2:1 ratio (acupuncture group: sham acupuncture group) which differed only in type of needle manipulation used: 30 cases in acupuncture group, 15 cases in sham acupuncture group. There were no statistically significant differences ( p > 0.05) between the two groups in any of the baseline characteristics. Table 1 shows the baseline characteristics for 45 patients included.
Before inclusion, both groups continued conventional therapy (diet treatment, hypoglycemic agents, insulin, hypotensive agents, antibiotics, anticholinergic drugs, and CIC). No major changes in diabetic management and anticholinergic drugs had taken place during the 1 month before the study, and no alteration was made throughout the study.
Each enrolled patient participated in one session per day lasting 30 minutes for 15 days (Most patients with DBD felt better after 15 days of treatment, according to our previous clinical experience), during which a total of 5 acupuncture point locations on the body received acupuncture needling. Sterile disposable 1-time-use needles were used. For each location, a pair of corresponding acupoints on the right and left sides of the body were identified and marked with a skin marker (10 acupoints total). These acupoints were shenshu (BL23), qihaishu (BL24), and ciliao (BL32), weiyang (BL39), zhibian (BL54). 
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These acupoints were identified by an experienced acupuncturist (Qian Yu, M.D.) according to traditional methods. Approximate position was determined in relation to anatomic landmarks (e.g., bones, tendons) and proportional measurements (e.g., fraction of the distance between wrist and elbow creases). 27 Within the area delineated by these landmarks, the precise position of each acupuncture point was determined by palpation, feeling for a slight depression or yielding of tissues.
For each acupoint, a 0.3-mm-diameter and 50-mm-long needle was used with 0.60-2.20-cm penetration, in a perpendicular direction with respect to the skin. The depth of insertion was between 0.60 and 1.00 cm for BL23, 0.80 and 1.10 cm for BL24, 1.00 and 1.60 cm for BL32, 1.05 and 1.70 cm for BL39, and 1.10 and 2.00 cm for BL54 with achievement of de qi (de qi has a sensory component perceived by the patient as an ache or heaviness in the area surrounding the needle and simultaneously another component, needle grasp, perceived by the acupuncturist. 27 De qi was always felt by both the patient and the acupuncturist in the acupuncture group). The needle was then rotated alternately in a clockwise or counterclockwise manner every 5 minutes. For sham acupuncture treatment, the same acupoints were punctured with the same acupuncture needles; however, the needle was inserted to a depth of only 0.3 cm, and no manipulation of the needle was performed, to avoid de qi. 28 Number, duration, and frequency of the sessions in the sham acupuncture group were the same as for the acupuncture group.
The primary endpoints for clinical efficacy were the differences between baseline and post-treatment urodynamic measurements. Subjects were comfortably positioned with the bladder catheterized with a double lumen, fluid-filled pressure catheter (6F). For the empty bladder conditions, the bladder was emptied by the pressure catheter. For the filling-bladder conditions, the bladder was initially filled with isotonic saline solution at body temperature at an infusion velocity of 25-50 mL=min. The patients were asked to report bladder sensation on the basis of a previously described rating scale 29 : 0 ¼ No bladder sensation. The patient might report the perception of the catheter positioned within the urethra. 1 ¼ First, unspecific bladder sensation. Usually, the patients were not able to exactly describe these initial, unspecific sensations arising from the bladder. 2 ¼ Sensation of bladder filling. Patients could easily report the filling of their bladder, which corresponded to the felt increase of bladder volume or to the felt distension of the bladder wall. 3 ¼ Sensation of the desire to void. In this phase, the filled bladder caused the desire to void in the patients. However, patients were still able to easily suppress the desire to void. 4 ¼ Urge to void. The strong desire to void has to be voluntarily suppressed with strong effort. During the filling phase, we also documented the number of reflexive detrusor waves, and the maximal detrusor pressure.
Symptoms were assessed using a standardized and comprehensive questionnaire at baseline and following 15 days of treatment. The symptoms assessed included voiding dysfunction, urgency, incontinence (specified as ''urge incontinence'' in the study: involuntary leakage accompanied or immediately proceeded by urgency), requiring catheterization. The extent of incontinence was graded on a scale of 0 (dry at all times) to 3 (always wet). For each symptom category, data were analyzed for all subjects in the efficacy pool who reported the symptom during the course of the study.
One author (Zhaohui Hou, M.D.) independently screened the study for eligibility. The primary outcomes of interest were urodynamic measures. Secondary outcomes were patient's observations of cure or improvement in symptoms, number of leakages, number of voids, and adverse events.
Statistical analysis
Statistical methods used included two-sample t tests for com parison of mean values between groups, paired t tests for comparison of mean values within groups, and two-way repeated analysis of variance for changes in glycemic control. All analyses were carried out using SAS version 8.02 (SAS Institute, Cary, NC). P < 0.05 was considered statistically significant.
Results
Changes in glycemic control
In the acupuncture group (n ¼ 30), hemoglobin A 1C (means AE standard deviation [SD]) at baseline and at day 15 was 6.7 AE 1.2 and 6.6 AE 1.5%, respectively. Corresponding values in the sham acupuncture group (n ¼ 15) were 6.5 AE 1.3 and 6.7 AE 1.0%, respectively. There were no significant differences between the two groups at any time points. Table 2 outlines each urodynamic measure (means AE SD) at the baseline and end-of-treatment time points. Six urodynamic parameters were assessed, including detrusor waves, maximal detrusor pressure, bladder compliance, maximal bladder capacity, bladder volume at desire to void, and urge to void.
Changes in urodynamic measures
In the acupuncture group, five of the six measures (maximal detrusor pressure, bladder compliance, maximal bladder capacity, bladder volume at desire to void, and urge to void) demonstrated significant improvement ( p < 0.05, 0.01) over the 15-day treatment period. Specifically, the maximal detrusor pressure had decreased by 34.8%, the bladder compliance had more than doubled, and the bladder volume at desire to void had increased by 35.4% in comparison with baseline values. As expected, only one measure (bladder volume at urge to void) significantly improved ( p < 0.05) in the sham acupuncture group.
There were significant differences in four measures (bladder compliance, maximal bladder capacity, bladder volume at desire to void, and urge to void) between the groups ( p < 0.05, 0.01).
In these urodynamic measures, no difference in response was observed between noninsulin-dependent diabetes mellitus (NIDDM) and insulin-dependent patients.
Changes in subjective symptoms over time Table 3 show some of the changes in symptoms before and after treatment in the two groups, in which a significant difference compared with pretreatment in the acupuncture group was observed. In 25 subjects in the acupuncture group, incontinence improved from 2.4 to 1.4. In the sham acupuncture group, incontinence deteriorated from 2.2 to 2.3. In subjective symptoms, no difference was observed between NIDDM and insulin-dependent patients.
Discussion
The two major and distinct functions of the bladder are urine storage and voiding. Thus, disorders of the bladder are commonly categorized as dysfunction of either the storage or the voiding mechanism. Clinical manifestations of bladder storage problems include increased urination frequency, or urgency; urodynamic manifestations may include sensory urgency, restrictive compliance, and detrusor overactivity. Clinical manifestations of voiding problems include hesitancy in start of urine flow, slow flow, poor emptying, elevated postvoid residual, and urinary overflow incontinence; and urodynamic manifestations include decreased voiding pressure, slow flow, and high postvoid residuals. [30] [31] [32] Patients with DBD often demonstrate a variety of symptoms. The heterogeneity of the symptoms of DBD may result from a variety of factors, including the duration or type of DM and other associated risk factors, such as sex, parity, and level of hyperglycemia. DBD is associated with distinct morphological changes; however, the details and pathophysiologic mechanisms of such changes are not well understood. Among common treatments for DBD, pharmacologic management may be required. These medications, however, have side-effects. This is especially true of the anticholinergic drugs, which can cause dry mouth and constipation. 33, 34 If these medications are required and these patients drink large amounts of liquids, an indwelling catheter may be preferred. In our opinion, patients who perform intermittent catheterization may require fluid restriction, and this may be difficult because of the side-effects of the drugs. Thus, only a small proportion of patients are compliant with medications after 6 months of treatment. 35 Acupuncture is a safe form of treatment 24, 25 and offers clear clinical advantages in the reduction of DBD related symptoms. The traditional theory of acupuncture is based on the concept that imbalance of yang and yin, qi and xue, through the meridians, can be corrected by manipulation of identifiable points close to the skin. The skilled acupuncturist is able to restore balance by using selected acupoints. Each acupoint has distinct therapeutic actions. The stimulation of acupoints can be achieved by either a mechanical action of needling or electrical point stimulation. 36 In TCM, the disease names for DBD include yini and longbi, which correspond to urinary incontinence and urine retention. Hindrance of bladder emptying is called longbi, and inability to maintain the function of the bladder to avoid leakage is called yini. Because insufficiency of ''Kidneyqi'' is the basic pathomechanism of DBD, shenshu (BL23), qihaishu (BL24), and ciliao (BL32), weiyang (BL39), and zhibian (BL54) were selected. BL23, as back-shu point of the Kidney, is one of the most effective points to tonify the Kidneys. BL23 is used to strengthen the Kidneys, tonify Kidney yang, nourish Kidney yin and Essence, strengthen Kidney's ability to grasp qi. BL24 remove obstructions from the meridian. BL32 and BL54 can benefit urination, regulate the lower jiao, and activate the meridian. BL39 as the lower-he-sea point of the San Jiao, can also benefit urination, harmonize the san jiao, and open the water passages. These acupoints are proven to be effective on bladder disorders.
In this randomized trial, we had successful concealed randomization, had sufficient power, and high adherence to the protocol, and achieved good credibility and blinding of participants receiving the nonpenetrating acupuncture intervention. The results show that acupuncture was more effective than sham acupuncture in improving urodynamic function and a variety of symptoms associated with DBD. Our pilot study has shown that the effects of acupuncture treatment on subjective symptoms as well as other measures of bladder function provide evidence that acupuncture, a novel form of alternative medicine, may be clinically useful for the radical treatment of DBD. Further studies with larger patient numbers are required to confirm the findings of this pilot study, to determine whether the effects are sustained. These results raise hopes of keeping high-risk patients with DBD under conservative control longer and avoiding surgery.
